Abstract. We adopt a counterfactual approach to decompose labor productivity growth into growth of Technological Productivity (TEP), growth of the capital-labor ratio and growth of Total Factor Productivity (TFP). We bring the decomposition to the data using international countrysectoral information spanning from the 1960s to the 2000s and a nonparametric generalized kernel method, which enables us to estimate the production function allowing for heterogeneity across all relevant dimensions: countries, sectors and time. As well as documenting substantial heterogeneity across countries and sectors, we find average TEP to account for about 44% of labor productivity growth and TEP gaps with respect to the US to remain almost unchanged, on average, despite an average 1% yearly decrease in the labor productivity gap. The US displays the highest TEP growth rate. We then perform standard convergence regressions finding strong evidence of technological convergence and showing that the effect of a few variables only, among those found significant to explain labor productivity convergence, occurs through the technology channel.
Introduction
Income and growth disparities among countries are commonly traced back to either capital accumulation or total factor productivity (henceforth TFP). When measured as the Solow residual of an aggregate production function, TFP is often found to be at least as important as capital accumulation (Easterly and Levine, 2001; Caselli, 2005) . Thus, to the extent that the capital stock is correctly measured, empirical analysis explains around 50% of income differentials across countries, with the remaining half flowing into a wide notion of aggregate TFP encompassing a number of hard to measure factors; among those factors, a growing body of literature concentrates on technology, both in terms of creation of new technologies and adoption/diffusion of already available technologies. In a pioneering contribution, Parente and Prescott (1994) showed that differences in barriers to technology adoption, which vary across countries and time, account for the great disparities in income across countries. However, despite the potential insights for probing policy debate, the subsequent literature has put little effort in trying to separate technology from TFP when estimating the production function. Indeed, unbundling technology and TFP is not an easy task. 2 To make this transparent, consider a very general logarithmic set-up y c t = m(k c t ) + a c t , in which country c's output per worker at time t depends on contemporaneous values of capital per worker, k c t , through the function m(·), as well as the TFP term a c t . In this basic framework, cross-country differentials in technology are fully encapsulated into a c t and we interpret differences in TFP in terms of differences in the ability to produce as much output as possible with the given technology and capital per worker. From this perspective, standard OLS-estimated Solow residuals [i.e. a c t = y c t −m(k c t )] conflate technological effects and pure TFP effects. To highlight this issue, Bernard and Jones (1996a) use the expression "total technological productivity" 3 and offer a useful description of a world (see Parente and Prescott (1994) among others) in which the process of technology adoption and diffusion plays a role in the evolution of income disparities. In such a world, m(·) varies across countries and over time, and the production function to be estimated takes the form Estimating (1) at the aggregate level with standard parametric econometrics is however not possible, as the number of parameters (i.e. technologies) to be estimated equals the number of observations (country c at time t in a given sector).
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The full generality of the framework in (1) is not exploitable without some form of restrictions on the technology. While there is ample evidence that technology differs across countries (see for example Masanjala and Papageorgiou, 2008 for differences between Africa and the rest of the world) , typically, most approaches that allow for technological differences do so in an ad hoc or limited fashion. For example, Kumar and Russell (2002) and Henderson and Russell (2005) both assume that technology is fixed across countries, but does change over time. Using a more rigorous econometric approach, both Bos et al. (2010a, b ) deploy mixture models to allow different technology regimes across time with technology regimes defined endogenously. More recently, Filippetti and Peyrache (2013) allow technology to vary across regions, capturing more technological heterogeneity than is capable in the Kumar and Russell (2002) decomposition.
To overcome such limitations from previous research, we exploit the flexibility of a nonparametric generalized kernel regression to estimate the aggregate production function in (1) allowing for heterogeneity across all relevant dimensions: countries, sectors and time. This approach, already followed in growth empirics by Maasoumi et al. (2007) and Henderson et al. (2012) , enables us to derive a counterfactual decomposition of aggregate labor productivity growth which isolates the contribution of m(·), referred to as technological productivity (TEP), from the growth of the capitallabor ratio (i.e. capital accumulation) and the growth of TFP. 5 We do so at the country-sector level, using data from 1963 to 2009 for 46 countries and 11 manufacturing sectors, encompassing both developed and developing countries. Although comparison with alternative estimates in the literature is hampered by the fact that we allow for a sectoral dimension, which is not considered elsewhere, our results point to quite balanced contributions of TEP and capital accumulation to overall labor productivity growth (as compared, e.g., to Kumar and Russell, 2002) : 56% for capital accumulation and 44% for TEP, on average. Not surprisingly, the increase in labor productivity is more marked in OECD and East Asian countries. Moreover, consistent with the findings of Bos et al. (2010a) , we estimate large technological differences across sectors, even within a country. 6 We then study the evolution of TEP in terms of country-sector specific gaps with respect to the US (i.e. difference between TEP growth in a given country-sector and TEP growth in the US, in the same sector), as the latter display the highest average TEP growth, amongst the countries 4 In a parametric context (e.g. Cobb-Douglas), the standard explicit form for m(·) would be m considered. Despite an average 1% yearly decrease in the labor productivity gap, we find the TEP gap to remain almost unchanged, on average, during the period under examination. While substantial heterogeneity emerges across countries, decreasing TEP gaps are concentrated in OECD and East Asian countries and increasing gaps are concentrated in African countries. The K/L catching-up of Asian countries is particularly strong in Korea and Singapore, while only the subSaharan countries experience a loss in all components. Less heterogeneity emerges at the sectoral level.
As an application, we use our methodology to take seriously a question posed by Bernard and Jones (1996b, p . 1038) almost 20 years ago which has received little academic attention:
7 "How much of the convergence that we observe is due to convergence in technology versus convergence in capital-labor ratios?" We do so by using the estimated variation in the K/L and TEP countrysector gaps, as well as observed gaps in labor productivity, in standard convergence regressions. Interestingly, population density and education, which are traditional variables in growth regressions, are not significant predictors for the evolution of the TEP gaps. Other variables, such as geographical distance, FDI and trade openness, exert opposite effects on capital accumulation and technology gaps.
Related literature
From a methodological point of view, our work complements and expands a limited number of cross-country income decompositions. (2013) use counterfactual decompositions in the spirit of Oaxaca (1973) and Blinder (1974) . While the former uses least squares regressions, imposing the same input coefficients across all countries 9 , Fiaschi et al. (2013) have a semi-parametric framework in which the estimated coefficients vary across EU regions, but not across sectors. They show that changes in the distribution of GDP between 1960 and 1990 are better explained by physical, rather than human, capital accumulation. In another series of research, the decomposition is performed using data envelopment analysis. An incomplete list includes Färe et al. (1994) , Kumar and Russell (2002) , Henderson and Russell (2005) , Los and Timmer (2005) , Jerzmanowski (2007) and Filippetti and Peyrache (2013) .
In particular, Kumar and Russell (2002) construct the world frontier from country data spanning from 1965 to 1990 and quantify the relative contribution of efficiency, technology and capital accumulation to the change in output per worker. While we find capital accumulation to account the same industry. Once cross-country differences in technology are controlled for by m c t , the ability to exploit a given technology is then captured by the term a c t , which thus accounts for cross-country differences in labor productivity not explained by different input choices (i.e. differences in k c t ) or differences in technology (differences in m c t ).
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In Equation (1) , labor productivity of country c at time t can differ from that of any other country along three dimensions: i) capital intensity k c t , ii) technology m c t , and iii) T F P , a c t . We propose a decomposition over time to isolate these effects. To begin, start by writing labor productivity growth as (2) ∆y wherem c T (k c T ) =ŷ c T andm c t (k c t ) =ŷ c t are the predicted labor productivities, at time T and t respectively, obtained by applying each period's estimated technologym(·) to the corresponding actual value of k;â c T andâ c t are the estimated TFPs. As explained in Section 3.2, one of the advantages of our nonparametric approach consists of allowing estimation of a country-sector specific production function. With this we have the ability to construct the counterfactual output per worker m c T (k c t ) that, given a c t and k c t , country c would have produced at time t using time T 's technology. Using this counterfactual, Equation (2) can be written as hwere the last three terms indicating, respectively, the leader shifts from t to T in terms of T EP , K/L and T F P . This framework enables us to compare across countries the relative contribution of T EP , K/L and T F P to labor productivity, net of the leader shift. This brings our growth accounting exercise a catching-up flavor and represents a novelty with respect to the decompositions used by Beaudry et al. (2005) and Fiaschi et al. (2013) .
Nonparametric production function estimation.
To estimate the production function in (1), we treat m c t (·) as the unknown smooth technology function which varies over both time and country. In a parametric context this would seem a daunting task as we would have more parameters than observations. However, by leveraging nearby observations we can deploy nonparametric generalized kernel estimation following the intuition of Li and Racine (2004) and Racine and Li (2004) . Generalized kernel estimation allows one to smooth over continuous (the capitallabor ratio in our setting), ordered (time) and unordered (a country-sector indicator) covariates simultaneously. The ability to smooth over discrete cells affords us the ability to estimate time and country specific technology.
To be more concrete, we write the model in (1) as (9) y i = m(x i ) + ε i , i = 1, . . . , N.
where
] makes the distinction between continuous variables and discrete variables. We can further decompose X D i as [x o i , x u i ] where x o captures variables that are ordered by nature, and x u captures variables that have no natural ordering. ε i is our random error term and N is the total number of observations. Whereas in a parametric setting, to allow for both country-sector and time specific effects would introduce an almost unmanageable number of unobserved effect, by smoothing across both time and sector, we can lessen common parametric assumptions such as time and country intercept shifts by leveraging 'nearby' cells for local information.
Estimation requires the construction of the so called product kernel, which is the product of the kernel functions for each variable: one type of kernel function is used for continuous regressors, another is used for unordered discrete regressors and a third is used for ordered discrete regressors. The product kernel is then used to construct point specific weights. While many different local estimators can be deployed, here we go with the local constant estimator: (10) m ( where q C is the number of continuous covariates (in our example q C = 1) and K x is , x s , h C s is the kernel function used for continuous variables with bandwidth h C s , q u is the number of unordered discrete regressors (in our example q u = 1) with g u (x u is , x u s , λ u s ) is the kernel function for a particular unordered discrete regressor with bandwidth λ u s and q o is the total number of ordered discrete regressors with g o (x o its , x o s , λ o s ) the kernel function for a particular ordered discrete regressors with bandwidth λ o s . While our estimator in (10) may appear, at first glance, complicated, it is nothing more that a weighted average of output for observations that are nearby, where nearby is determined exclusively through the bandwidths used in the construction of the estimator (see Henderson and Parmeter, 2014 for more intuition).
For the continuous regressor we choose the Gaussian kernel function
where the bandwidth ranges from zero to infinity. A variation of the Aitchinson and Aitken (1976) kernel function for unordered categorical regressors is given as
where the bandwidth is constrained to lie in the range [0, 
where the bandwidth ranges from zero to unity. Beyond the benefit of being able to incorporate categorical regressors, Racine and Li (2004) show that the rate of convergence of the conditional mean is only dependent on the number of continuous regressors. This is extremely important given the curse of dimensionality that is one of the criticisms levied against the use of nonparametric methods. In essence, the addition of discrete regressors need not require additional observations to achieve the same level of precision as the inclusion of additional continuous regressors would. This is helpful in our context as the number of observations is in the hundreds, which if we had three continuous variables would be difficult to reconcile, however, with two of the three variables being discrete, the insights of Li and Racine (2004) and Racine and Li (2004) suggest that our sample size should be adequate to learn about the underlying technologies.
Nearly all theoretical work on nonparametric estimation points to the fact that use of a specific kernel weighting function has little impact on the overall performance of the estimator. However, the vector of bandwidths is viewed as the most crucial element. Here, to avoid ad hoc selection of the bandwidths we deploy the method of least-squares cross-validation (LSCV). Specifically, LSCV selects bandwidths which minimize
where m −i (x i ) is the leave-one-out estimator of m(·). The idea of the leave-one-out estimator is that the conditional mean of y i is estimated without using the observation with the most information, x i . In this way the bandwidths are selected so that the surrounding observations are providing as much information as possible to assist with smoothing without relying too heavily on the actual observations.
Data
We take advantage of the country-sector information provided by UNIDO in the INDSTAT2 (Industrial Statistics Database) 2013.
13 From INDSTAT2 we draw data on value added (for Y ), number of employees (for L), and gross fixed capital formation (for K). The capital stock K is constructed through a perpetual inventory method in which the initial capital stock is computed following Harberger (1978) . 14 To prevent our capital variable to be influenced by missing observations and/or outliers, we smooth capital stocks at the country-sector level using a weighted moving average of the one year lagged term, the one year forward term, and the current observation. Finally, only combinations with coverage of at least 5 consecutive years are considered. In principle, the database covers 166 countries over the period 1963 − 2009, at the 2-digit (or, for some countries and sectors, combination of 2-digits) ISIC Rev3 sectoral breakdown. However, available information after data cleaning is remarkably lower, mainly due to missing information in either Y , K or L. The final number of non-missing country-sector combinations are those 13 A detailed description of the database, which is beyond the scope of this section, can be found in Rodrik (2013). 14 The Harberger approach assumes that countries are at their steady state and, thus, output grows at the same rate as the capital stock.
reported, together with the average values of y and k, in Tables 1 and 2 . The analysis considers 11 manufacturing sectors, covering the whole manufacturing industry.
While UNIDO only provides us with data at current prices, production function estimation would require output and inputs to be expressed in quantities. The unavailability of country-sector specific deflators dating back to the 1960s is, however, not concerning. In fact, the risk associated with using current prices is to interpret differentials in prices (or inflation rates) as differences in technology. Three types of differences matter: cross-country, cross-sector and between Y and K (L is not in value). Our nonparametric approach enables us to include a country-sector control in the estimation of the production function, so that the first two sources of bias are swept away. 15 Thus, we remain with the third source of bias: if the price of output is higher, or grows more rapidly, than the price of capital, our estimates are likely to interpret such differences in terms of improved technology -i.e. higher m(·). We tackle this issue by excluding countries in which the ratio of the inflation rate of K to the inflation rate of L changes considerably from period 1 (the 1960s) to period 2 (the 2000s). Graphical inspection of Figure 1 , with (country-level) data drawn from Penn World Table 8 .0 (Feenstra et al., 2013) , reveals that, among the countries available for the analysis, the most critical cases are Kuwait and Malta, which have therefore been dropped in the subsequent analysis. Overall, this way of dealing with prices can be preferred to using country-specific deflators, which are likely to introduce a bias on an inter-sectoral basis, due to cross-sectoral price differentials.
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Differently from other available datasets, INDSTAT allows for long run country-sector analysis with good country coverage, spanning beyond just OECD nations. To the best of our knowledge, only Rodrik (2013) has used INDSTAT to take advantage of this peculiarity. It is common in analyses of this type that the sectoral dimension is usually not taken into account. This is the case, for example, of Los Tables (version 5 .6, version 6.0, and version 7.1 respectively). In alternative country-sector databases, such as EUKLEMS, the number of countries available is instead too small and homogeneous with respect to our purposes. In EUKLEMS, for example, the capital stock is available for 17 OECD countries, and for only 12 countries does the information date back to the 1970s.
Results
In order to bring our decomposition to the data, we first estimate the production function in (1) using the generalized kernel method described in Section 3.2. Estimation is performed on a sample of 782 observations obtained by collapsing the time dimension of an unbalanced panel of 22, 449 15 Rodrik (2013) uses a sector control to take into account differences in industry prices. 16 In addition, we experimented with the STAN -OECD dataset, which offers country-sectoral data at constant prices but for a much smaller number of observations. The results are qualitatively consistent with those presented here and are available upon request.
country-sector-year observations into a cross section of 391 observations in period 1 (covering the period from 1963-1972) and 391 observations in period 2 (covering the period 1997-2009). Since nonmissing long time series are available only for a few countries, this strategy maximizes the number of countries that can be included, allowing for adequate coverage of less developed economies.
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Since we use current values of Y and K, which are normally characterized by a positive trend, we want to be sure to not use, for given countries, only the end, or only the beginning, of the two periods. To this aim, we first split each period into three sub-periods of equal length and discard country-sector combinations which are not present at least once in the central sub-period or at least once in both the first and third subperiods. This results in deleting 6,217 observations in period 1 and 2,395 observations in period 2.
With reference to the specification in (9) and (10), we use (log) capital per worker as the continuous variable, a country-sector dummy as the unordered discrete variable, and a period indicator as the ordered discrete variable. In the Figure 2 , we show the estimated labor productivities in the two periods with the big part of the observations collapsed around the main diagonal out of the fast growing countries at north west and the falling behind at south east.
Decomposition results.
Here we report our decomposition estimations. We first present our baseline estimates from Equation (3), i.e. those which do not take into account the decompositions with the benchmark country and then consider our leader specific decomposition, as in Equation (7) .
The country-sector specific decompositions are reported by country in Table 3 and by sector in Table 4 . 18 In averaging across countries (sectors), the average relative workforce of each sector (country) in the whole period is used as weight, so that two equal but opposite changes in two sectors result in a positive net contribution to the overall change, if the growing sector is bigger in size. An overall increase in labor productivity is in line with traditional expectations. The increase is mainly driven by capital accumulation (56%) and all countries but Kenya accumulate capital across time. Estimated TEP grows by 44% on average. Not surprisingly, the increase is more marked in OECD and East Asian countries. High variability emerges across countries and sectors. For instance, average growth in the Asian Tigers (South Korea and Singapore) is 50% bigger than the average, and this increase is almost entirely due to capital accumulation. This result is in line with Los and Timmer (2005) and Young (1995) , if we consider that his TFP includes our TEP term. The average growth in the OECD, net of the Asian Tigers, is 240% . 17 In general, the longer the time span, the smaller is the number of countries that can be included, with poorer economies particularly affected. 18 The three terms in the decomposition (i.e. ∆ (T EP )
Considering that the US labor productivity growth rate amounts to 214.5%, Table 3 shows that only OECD and Asian Tigers report increases in labor productivity bigger than in the US, with growth rates in sub-Saharan Africa and Latin American amounting to just 50% and 70% of the US's growth rate. Interestingly, even though many countries are characterized as having a higher degree of capital accumulation than the US, the US' TEP growth rate is the highest. This might confirm the role of the technological leader played by the US in the period under consideration.
Turning to the sectoral dimension, balanced growth emerges in terms of labor productivity, where the average growth is 239 with a minimum of 226 (in textile sector) and a maximum of 259 (in motor vehicles). Comparing the three decomposition terms, the degree of cross-sector heterogeneity is much smaller in the K/L ratio (biggest increase in machinery and lowest in energy, this latter being the only sector far from the average growth), with respect to both TEP and TFP. Not surprisingly, the highest technological growth is registered in the energy sector, followed by transport and chemical industries, while more traditional sectors as food, textiles, wood and furniture had much smaller increases.
It is worth stressing how a proper comparison with the numbers produced in the extant literature is hampered by the fact that we also allow for a sectoral dimension, which is mainly ignored elsewhere. A table very similar to our Table 3 is reported by Kumar and Russell (2002) , who use country level data spanning from 1965 to 1990. The absence of the sectoral dimension probably helps to explain the larger role for capital accumulation that they find: 78% of the overall change in labor productivity, against our 60.7%. While we find technological growth to explain about 44% of labor productivity, they find the remaining 22% (of the growth in output per worker) to distribute almost equally between efficiency and technology. Thus, their result concerning the role of technology is in stark contrast with ours. As well as the presence of a sectoral dimension in our analysis, the difference in estimation techniques and countries are also likely to influence the difference in findings. Similarly, Beaudry et al. (2005) find the economic performance of countries to be mainly explained by the returns to capital accumulation. Since their approach does not allow the production function coefficients to differ across countries and sectors, compared to ours, their numbers potentially overestimate the capital component with respect to technology.
It is interesting to compare our results with those obtained in a standard growth accounting exercise with a constant capital share equal to 0.3 across all countries and industries. For our data, this implies a contribution of capital accumulation to labor productivity growth of 36%. Alternatively, one might use an Oaxaca-Blinder decomposition to compare the contribution of capital per worker to labor productivity growth across the two periods (the two groups consist of the same country-sector combinations observed in the two periods), on the one hand, and capital coefficient, on the other hand. This provides us with a quite different result, with a percentage weight of the capital labor ratio amounting to 70%. Compared to these estimates, our estimated contribution of capital per worker lies in the middle. This provides cursory evidence that the assumption of time and sector-country homogeneity is not supported by the data.
We then estimate the labor-productivity decomposition in gaps described in Equation (7) . To this aim, we have to choose a benchmark estimated technology to compute the counterfactual m * t (k c t ), needed to obtain the three gaps in K/L, TEP and TFP. Results obtained using the US as the benchmark (or leader country), are reported in Tables 5 and 6 by country and sector, respectively. The 34% overall decrease in the labor productivity gap, which maps into an approximate 1% average annual reduction, is consistent with the composition of our dataset, in which the majority of countries are either OECD nations or the Asian tigers. Most of the variation in gaps is explained by capital accumulation changes, while the TEP gap remains almost unchanged during the period under consideration. Complemented with the results obtained without the leader country, a key message that we can draw from Table 5 is that, even though large differences across countries exists, technological growth at the world level is pretty much driven by the leader. This is consistent with most of the theoretical literature cited in Section 2, in particular with the mechanisms of technology adoption and diffusion suggested by, among others, Desmet and Parente (2010), Desmet and RossiHansberg (2013), and Comin et al. (2012) .
The analysis of specific countries, out of average results highlights some interesting findings. In particular, decreasing TEP gaps are concentrated in OECD and East Asian countries, while TEP gaps are increasing in African countries. Less heterogeneity emerges at the sectoral level. As Table  6 reveals, most of the cross-sector heterogeneity documented in the without leader decomposition (cfr. Tables 3 and 4) can be traced back to the shift in technology for the US. The K/L catchingup of Asian countries is particularly strong in Korea and Singapore, while only the sub-Saharan African countries experience a loss in all three components.
It is worth noting again that, with our labor productivity and capital per worker data expressed at current prices, the corresponding changes are nominal and, as such, potentially overvalued. On the contrary, estimated TEP is "real", so that the relative contribution of TEP to the overall variation in labor productivity is likely understated.
19 This is much less of an issue in the decomposition in gaps, where the only condition which has to hold is the absence of across-time systematic deviation of input-output prices with respect to the US.
5.2.
Convergence of Technology. Graphical inspection of Figure 3 , in which the growth rate of the TEP gap is plotted against the initial (i.e. period 1) gap, seems to highlight a general process of technological catching-up. Thus, as an economic application of the estimated decomposition, we run standard absolute and conditional cross-sectional convergence regressions in TEP, KL and general labor productivity. In our notation, the usual cross-section convergence framework is:
where Z is the variable of interest (the TEP, KL, or labor productivity gaps), X is a vector of control variables and c t is an iid error term. In Table 7 we use (16) We start with a basic unconditional regression in which we include only sector controls, a dummy which takes value one if the country belongs to OECD, and the initial condition. Consistently with the LHS variable, we use the observed gap in Y /L or the estimated gaps in K/L and T EP at time t as initial conditions. These estimates, reported in columns (1), (2) , and (3) respectively, confirm the presence of absolute convergence. Column (1), in particular compares to Rodrik (2013) , notwithstanding the differences in terms of specifications (we use gaps), time and country coverage.
In regressions (4) to (6) we use the standard augmented Mankiw et al. (1992) specification, in which human capital is measured in terms of average years of schooling (Avg years schooling). A difference with respect to the standard model used in growth empirics is the absence of investment rates (they would closely proxy the increase in capital accumulation on the RHS), as well as the presence of other deep determinants like geographical distance to the US (Geo Distance to US ) and population density (POP density). Results for the labor productivity regression (model 4) are as expected, with all of these variables enhancing conditional convergence and the overall fit.
The negative role of distance is in line with theoretical work stressing the spatial dimension of the process of technology adoption/diffusion. For example, Desmet and Rossi-Hansberg (2013) suggest a model in which technology diffusion affects economic development because technology diffuses spatially and firms in each location produce using the best technology they have access to. Comin et al. (2012) propose a theory in which technology diffuses slower to locations that are farther away from adoption leaders and, moreover, the effect of distance vanishes over time.
The negative sign of population growth, which is not expected in growth regressions, is likely induced by the composition of our sample (mainly OECD countries, which do not experience a Malthusian trap stage).
Concerning columns (5) and (6), while the former is in line with model (4), the TEP regressions in column (6) behave quite differently. The additional variables do not improve the regression fit significantly in this latter regression, probably because they de facto pick the initial degree of development, already proxied by the OECD dummy and are not significant beyond distance to the US. This variable has an interesting pattern, as it is not significant in explaining the labor productivity gaps because it seems to effect in opposing ways capital accumulation and technology.
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As for population density, while the effect on output per worker and on K/L follows an intuitive and straightforward interpretation, the effect on TEP might be associated with the Jones (1997) suggestion of "more people more ideas".
Lastly, we add (columns 7 to 9) a number of policy variables as the degree of financial development (Financial Development), the number of patent applications per capita (Patents), total FDI inflows (Inward FDI ), and the degree of trade openness with the leader (Trade with US ). Differently from all of the variable used in Table 7 , the latter has country-sector variability. The last two measures follow the intuition that the more open a country the higher is the chance to have access to the best technologies, as suggested by the literature discussed, for instance in Desmet and Parente (2010) , who model the relationship between market size and technological upgrading, and in Alvarez et al. (2013) , who provide a model in which the flow of new ideas is the engine of growth and trade generates a selection effect by putting domestic producers in contact with the most efficient producers. Regressors are all at the initial value, so that they might have a lower explanatory 21 We tried to replace geographic distance with the measure of linguistic distance recently provided by CEPII, but it was never found to be statistically significant or to have a meaningful economic effect on growth.
power with respect to the whole time average but they are not subjected to endogeneity critiques (Durlauf, 2009 ). We also experimented with growth rates from (1963 − 1981) to (1982 − 1990) , finding no significant differences.
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The labor productivity regression in column (7) displays the expected sign for all variables, out of patents and FDI, with all of the coefficients being negative in sign. The explanatory power is slightly higher than in columns (1) and (4) . Things are quite different for the K/L and T EP gaps. Indeed, financial development, inward FDI and trade openness with the US are all strongly significative in model (8) and the regression fit increases consistently. On the contrary, the only significative variable in model (9) is Inward FDI, whose coefficient clearly points against a process in which technology enters a country following the incoming flow of FDI (the different sign of this variable in columns (8) and (9) highlights why is not significative in model 7). Moreover, the regression fit is not improved by the inclusion of these additional regressors.
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These results are in contrast with those in Bernard and Jones (1996a) , who find no evidence of convergence in manufacturing, neither in labor productivity nor in a measure of multi-factor productivity between 1970 and 1987 (in a sample of OECD countries), and Kumar and Russell (2002) . Consistent with our approach, convergence in labor productivity is documented by Rodrik (2013) in his country-sectoral analysis.
The general picture of this exercise suggests that, in terms of determinants, the usual results produced by the literature on growth determinants (that is the presence of conditional convergence, where human capital and financial development increase convergence) holds through the channel of capital accumulation.
Conclusions
We derived a counterfactual decomposition of labor productivity growth into growth of TEP, growth of the capital-labor ratio and growth of TFP. We brought the decomposition to the data using a nonparametric approach that enables us to estimate the aggregate production function allowing for heterogeneity across countries, sectors, and time. This boils down to estimating a different production for each country-sector-period, something that cannot be done with standard OLS-based production function estimation. We express the decomposition both in terms of levels and gaps with respect to the US (i.e. the technological leader leader), although our methodology leaves us free to choose the benchmark country.
Beyond the isolation of the contribution of capital accumulation to labor productivity growth, our methodology enables us to unbundle TEP and TFP, thereby contributing to empirical research on the issues raised by Easterly and Levine (2001) concerning the many layers of TFP. In this 22 Many other potential variables might be used for this exercise. However, we want to avoid the classical growth regression issue of exchangeability (Durlauf, 2009) . 23 In unreported analysis, we verified that the result that FDI is robust to using only inward or outward FDI and, interestingly enough, trade openness is never significant, even when total trade (not only with the US) is included.
respect, although comparison with alternative estimates in the literature is hampered by the fact that we are able to work at the sectoral level, our results point to a more balanced contribution of TEP and capital accumulation to labor productivity growth (as compared e.g. to Kumar and Russell, 2002) : 56% for capital accumulation and 44% for TEP, on average. Not surprisingly, the increase in labor productivity is more marked in OECD and East Asian countries.
In terms of gaps with respect to the US, instead, we find that, despite an average 34% reduction in the labor productivity gap (corresponding to an approximate 1% yearly decrease), technology gaps are almost unchanged, on average, with most of the decrease driven by capital accumulation. While substantial heterogeneity emerges across countries, decreasing TEP gaps are concentrated amongst the OECD and East Asian countries, while gaps increase in African countries. The K/L catching-up of Asian countries is particularly strong in Korea and Singapore, while only sub-Saharan countries experience a loss in all the components. Less heterogeneity emerges at the sectoral level. This results are consistent with previous literature, e.g. the case of South Korea in Young (1995) and Europe in Bos et al. (2010a) .
A key message is that, while the degree of capital accumulation is in many countries higher than in the US, the highest rate of technological growth is estimated for the US. Things are, as expected, different for TFP, as well as for capital accumulation, where the growth is in many countries higher than in the US. With some caution this might be interpreted as evidence of a leading role of the US in the process of technological upgrading.
As an application, we then use the estimated components of labor productivity growth to run standard absolute and conditional cross-sectional convergence regressions in TEP. We then contrast the results with those obtained by analogous convergence regressions for the K/L gaps, as well as for the gaps in labor productivity. In doing so, we take seriously a question posed by Bernard and Jones (1996b) concerning assessment of the importance of technology to convergence.
Interestingly, with respect to labor productivity, some traditional variables in growth regressions, such as population density and education, are found to be economically insignificant in explaining the evolution of TEP gaps. Other variables exert opposite effects on capital accumulation and technology. For example, geographical distance to the US negatively affects the former and positively affects the latter. Incoming foreign direct investments, which seem to have a positive effect on the former, are found to exacerbate TEP gaps. Moreover, the TEP gaps not affected by the degree of trade openness with the US and the quality of the financial system, which are instead found to help convergence in terms of the capital labor ratio.
In conclusion, we have to mention some points as future developments. First, would be interesting suggesting a theoretical explanation for the phenomena that we quantify, which is something beyond of the scope of this paper. Second, our growth accounting exercise is carried out starting from a production function in intensive form, which entails neglecting the relative role of labor. This choice was data driven, as we wanted to keep the number of countries as high as possible. Still about the data, it is worth noting that, while INDSTAT provided us with the chance to keep the sectoral dimension into account, produced results might be affected by the incomplete country coverage, by not taking short-run fluctuations into account, as well as by the time span. These considerations justify further research efforts. For example, alternative growth accounting exercises not in intensive form are in our agenda, although this requires limiting the number of countries. Table 7 . Convergence regressions.
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